We have developed a method to analyze the functionality of putative TA loci by expressing them in E. coli. Here we describe the procedure for cloning recombinant TA genes into inducible plasmids and expressing these in E. coli. Following expression, toxicity, resuscitation of growth and changes in persister cell formation are assayed. This can confirm whether predicted TA loci are active in E .coli and whether expression can affect persister cell formation.
Introduction
Toxin-antitoxin (TA) systems are found in many bacterial species and typically consist of a gene pair coding for a toxin and antitoxin gene. The toxins can typically bind and inhibit the function of a cellular target causing inhibition of bacterial growth [1] . The antitoxin gene codes for either a protein or an RNA molecule that inhibits the activity of the toxin under normal cellular conditions. One role for TA systems is in the formation of bacterial persister cells [2] . Bacterial persisters are a sub-population of cells that can tolerate and survive antibiotic or stress treatment, whereas the majority of the population is killed [3] . Expression of TA toxins can increase the population of tolerant persister cells [4, 5] . An increase in persistence has been best demonstrated in E. coli following expression of a variety of toxins.
One of the first examples of this was ampicillin treatment of E. coli cultures expressing the TA toxin HipA from an arabinose driven pBAD promoter [6] . Other toxins such as RelE, TisB
and HicA have also been tested using similar methodology, expressing the toxin from an inducible promoter and then treating with antibiotic [7, 5, 4] . The method we have developed permits testing on the functionality of putative or predicted TA systems though expression in E. coli. Predicted TA systems native to the E. coli host or from other bacteria, such as Burkholderia pseudomallei, can be expressed in E. coli MG1655 [8, 4] . The method requires cloning of putative toxin and antitoxin genes into separate compatible and inducible plasmids and firstly assaying for growth arrest/ reduction in culturability following expression of the toxin and resuscitation/restoration of growth following expression of the antitoxin. Following assessment of these phenotypes, the methodology can be implemented to assay for the effect of TA expression on the persistence of E. coli following treatment with various antibiotics. Failure of E. coli to express cloned recombinant genes and differences between toxin target(s) in the native host compared to target(s) in E. coli are potential limitations of this technique. However, in using E. coli as a host, a safe and high throughput method has been developed to screen a variety of predicted TA systems from a range of bacteria for functionality. This method can be used to down select TA genes candidates for further phenotypic study in the native host or for structural studies. 
Toxicity assay
The following protocols assume the use of the pBAD/his and pME6032 plasmids. If other plasmids are used, change the antibiotics for plasmid selection and sugar inducers/repressors as appropriate. 4. At hourly intervals, remove 1 ml of culture (or 100 µl and mix with 900 µl LB for 1:10 dilution) and add to a cuvette to record the OD 590 nm using a spectrophotometer 5 . In parallel, remove 10 µl of culture and set up a serial dilution in a 96-well plate containing LB. Carry out a dilution range from 10 . Spot plate the dilution range onto LB plates containing 100 µg/ml ampicillin, 15 µg/ml tetracycline and incubate plates statically at 37 o C until colonies are visible for enumeration. (Fig 3) .
Resuscitation assay
1. Inoculate 5 ml of LB broth containing 100 µg/ml ampicillin, 15 µg/ml tetracycline with E.
coli harbouring pBAD/toxin gene and pME6032/antitoxin gene and incubate at 37 . Spot plate the dilution range onto LB plates containing 100 µg/ml ampicillin, 15 µg/ml tetracycline and incubate plates at statically at It is advisable to make both a his tagged and non his tagged version of the toxin for phenotypic analysis.
2. Both inducible expression plasmids need to be in different incompatibility groups, as it is not possible to maintain two different plasmids in a single cell, which use the same mechanism for replication. The plasmids described in this manuscript fall into the pMB1 group (pBAD/his) and p15A group (pME6032). Both plasmids have a similar copy number per cell. 5. Some antibiotic stocks, such as ceftazidime, need to be made fresh every time as they are susceptible to degradation and will not work properly after pro-longed storage.
6. 1 mM IPTG is included in the plates to induce antitoxin expression from the pME6032
promoter. This is to re-awaken/ resuscitate any non-culturable/ dormant cells induced by toxin expression. This is to achieve a more accurate measure of the total number of viable cells. If the total cell numbers are lower than expected the IPTG concentration should be increased.
7. Time 0 counts should be divided by 2, since only half of the standardised culture is added to the persister assay.
